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1. Introduction
Shot peening process is a cold working process to improve the fatigue behavior and reduce corrosion of
mechanical parts or components [1-5]. It produces compressive residual stress by bombarding the surface of the 
component with a small spherical shot at a relatively high velocity. After a collision between the component and the 
shot has occurred, a small plastic indentation is formed on the surface of the component. Subsequently, the elastically 
stressed subsurface layers tend to recover to the original dimension when the shot was eliminated (unloading). 
However, the continuity of the component in the elastic and the plastic zone does not allow to recover. Hence, a 
compressive residual stress field followed by tensile is applied in the component. 
In recent years, the shot peening process is widely used in aerospace, automotive and power generation industries. 
In the aerospace industry, the process leads to a reduction in structural weight for a specified reliability level i.e. turbine 
disc, propellers, main rotor spindles, and gear components. In the automotive industry, it leads to small low-cost 
components i.e. springs, gears, connecting rods, camshafts, and torsion bars. And in the power generation industry, it 
leads to improving the mechanical properties of a component which offers the correction of undersized components. 
Generally, shot peening process increases fatigue life, resistance to corrosion fatigue, resistance crack propagation, and 
improve the operating performance of metallic components [2,6]. Moreover, the structural resistance to an impact such 
as shot peening is directly related to the structural integrity [7]. 
Several experimental, analytical, and numerical methods of the shot peening process have been reported. The 
experimental methods attempting to determine the residual stress distribution, fatigue life, and the influence of the shot, 
component, and process parameters. The analytical and numerical methods focusing on calculating the residual stress 
and plastic zone. However, the understanding of single and twin shot impact is still far from complete.  
FEA modeling provides a powerful method for simulating the shot peening process [8]. Combined with modern 
computer hardware, the computational time for such an assessment has been reduced to a satisfactory level [9]. 
Besides, a numerical simulation is performed to minimize experimental conduct [10]. The dynamic of single or 
multiple shots with high velocity and other parameters can be taken in appropriate FEA. According to the research done 
Abstract: The aim of this study is, by using ﬁnite element analysis (FEA), to investigate the residual stresses and 
the distributions on the surface of material after shot peening process. The material of aluminium alloy A5052 is 
assumed as bilinear isotropic hardening. The residual stresses for various combinations of velocity, shot angle, and 
ball diameter was calculated. In addition, for ball diameter variations, the residual stresses was calculated by using 
two and three dimensional modeling. Simulation results indicate the residual stresses especially compressive 
residual stress is increased with increasing the velocity, shot angle, and ball diameter. However, the maximum 
compressive residual stresses between two and three-dimensional modeling are almost similar where the 
compressive residual stresses are the main purpose of the shot peening process. 
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by More, the results showed that residual stress intensity increase with increasing the velocity. By doing other 
parameters research, will lead to a good result in fatigue live improvement. By using the FEA model, it will reduce 
experimental cost [8]. Meguid investigation results also shown that numerical model can be developed to predict the 
residual stress of aluminium alloy after the shot peening process. It is capable to capture the main features of the 
induced residual stress field and also an effective tool for the control and optimization of the treatment [1]. Meo 
achieved that the use of the shot peening process would improve significantly the structural performance of welded 
joints [2]. Another researcher, Gallitelli, introduced an initial residual stress field due to shot peening within a complex 
geometry with the case of a gear using numerical analysis. The simulation is an efficient method to transfer the stress 
and plastic deformation fields due to shot peening process into the geometry of the component [11]. Kosiuczenko 
investigated the mechanical peening of titanium alloy by using numerical simulations. He found that the introduction of 
some changes into the developed finite element method model gives a possibility to form desired properties of the 
worked material [12]. 
 
2. Numerical Methods 
The compressive stress distribution was analyzed by using Finite Element Analysis (FEA). The FEA condition of 
shot peening process was summarized in Table 1. 
Table 1 - Shot peening configurations. 
Condition Variation Remark 
Velocity, v (m/s) 50, 75, 100, 125, 150 3D 
Shot Angle, α (o) 60, 70, 80, 90 3D 
Ball Diameter, d (mm) 0.3, 0.6, 1.1, 2.1 2D and 3D 
 
The FEA model of the component (target) was constructed based on the ASTM standard of B 851-04. Fig. 1 shows 
the test strip C of ASTM standard.  And the FEA model of the shot was described as a ball with a diameter as 
summarized in Table 1. Fig. 2 shows the shot angle of the shot peening process. 
 
 
 
Fig. 1 - The test strip C of ASTM standard. 
 
 
Fig. 2 - Shot angle. 
 
 
2.1 Material Properties 
The materials used in the component and the shot are modeled as bilinear isotropic hardening. It was summarized 
in Table 2.  
 
 
Table 2 - Material properties of the component and the shot. 
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Parameters 
Component  
(Aluminium 5052) 
Shot  
(Steel) 
Density, ρ (kg/m3) 2680 7800 
Young’s Modulus, E (GPa) 70 210 
Poisson’s Ratio, v 0.33 0.3 
Yield Stress, σy (MPa) 89.6 275 
Ultimate Tensile Strength, UTS (MPa) 195 370 
 
2.2 Finite Element Modeling 
In the present study, the residual stresses and the distributions on the component after the shot peening process was 
determined by a single shot. The component and the shot is a homogeneous materials and a solid (continuum) element 
with 4-node bilinear plane stress quadrilateral (CPS4R) and 8-node linear brick (C3D8R) for 2D and 3D, respectively. 
It is summarized in Table 3. A homogeneous material was used due to the material of the component and of the shot is 
an isotropic material. The solid elements can be used for elastoplastic analysis, complex nonlinear analysis involving 
contact and large deformations.  
Table 3 - Mesh design. 
Dimension Mesh Design 
Number of Elements 
Ball Base Materials 
2D (CPS4R) 
 
30 1056 
3D (C3D8R) 
 
25061 35950 
 
2.3 Boundary Condition 
As summarized in Table 4, the bottom surface was under a plane-support condition such that the entire bottom 
surface was constrained with fixed support. The shot was under a velocity condition which differs as summarized in 
Table 1. 
Table 4 - Boundary condition. 
Boundary 
Condition 
2D 3D 
Component 
(Fixed 
Support) 
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Shot 
(Velocity) 
 
 
 
3. Results and Discussions 
The data collected as minimum principal stress. Data point in each parameter was choose in node as shown in Fig. 
3. 
                   
 
 
 
 
 
 
 
 
 
 
                (a)                          (b) 
Fig. 3 - (a) Typical residual stress distribution using minimum principal stress; (b) Data point of residual 
stress. 
 
3.1 Effect of Velocity 
Fig. 4 shows the numerical residual stress distribution induced by shot peening for different velocity. Five different 
velocities of 50 m/s, 75 m/s, 100 m/s, 125 m/s, and 150 m/s were used in this study. The ball diameter and shot angle 
was used in the different velocity of 0.4 mm and 90o, respectively. From Fig. 4 reveal that the depth of the compressed 
layer and the maximum compressive residual stress increase with increasing the velocity. This phenomenon is 
compatible with the momentum equation [13]: 
mvP =                               (1) 
Where P is momentum (kg.m/s), m is shot mass (kg), and v is velocity (m/s). When mass constant, the momentum 
would increase by increasing the velocity. Stress after a collision would also increase. After the shot was resilience, 
plastic deformation would occur due to the stress after loading is higher than the yield stress. Fig. 5 shows the stress 
vector mechanism in loading and unloading condition. It reveals how the residual stress occurred in the component. 
 
Fig. 4 - Numerical residual stress distribution induced by shot peening for different velocity. 
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     (a)                                         (b) 
Fig. 5 - (a) Typical residual stress distribution using minimum principal stress; (b) Data point of residual stress. 
 
3.2 Effect of Shot Angle 
Fig. 6 shows the numerical residual stress distribution induced by shot peening for the different shot angle. Four 
different shot angles of 60o, 70o, 80o, and 90o were used in this study. The ball diameter and velocity were used in the 
different shot angle of 0.4 mm and 100 m/s, respectively. From Fig. 6 show that the depth of the compressed layer and 
the maximum compressive residual stress increase with increasing the shot angle. This is occurred due to the stress 
transformation in another direction. 
 
Fig. 6 - Numerical residual stress distribution induced by shot peening for the different shot angle. 
 
3.3 Effect of Ball Diameter 
Fig. 7 and 8 show the numerical residual stress distribution induced by shot peening for different ball diameter in 
2D and 3D modeling, respectively. Four different ball diameter of 0.4 mm, 0.6 mm, 1.1 mm, and 2.1 mm were used in 
this study. The shot angle and velocity was used in different ball diameter of 90o and 50 m/s, respectively. 
Fig. 7 shows that maximum residual stress increase with increasing the ball diameter. Though, the depth of the 
compressed layer is insignificantly changed. Interestingly, the results indicate that the difference residual stress of 0.6 
mm and 1.1 mm is relatively high. This phenomenon might be occurred due to mesh density between the component 
and the shot. The mesh density will decrease with decreasing the size so that the mesh density of the component should 
be reduced either. However, the trend of the residual stress remains similar. 
Similar to 2D modeling, the maximum residual stress in 3D modeling increase with increasing the ball diameter as 
shown in Fig. 8. The average of the depth affected by the shot peening process is 0.65 mm. 
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Fig. 7 - Numerical residual stress distribution induced by shot peening for different ball diameter in 2D 
modeling. 
 
 
Fig. 8 - Numerical residual stress distribution induced by shot peening for different ball diameter in 3D 
modeling. 
 
Fig. 9 shows the comparison of residual stress distribution between 2D and 3D modeling. The ball diameter and 
shot angle of 2.1 mm and 90o, respectively, were used to compare both modelings. Fig. 9 indicates that the maximum 
compressive residual stresses between two and three-dimensional modeling are almost similar where the compressive 
residual stresses are the main purpose of the shot peening process. The main advantage of 2D modeling is the 
simulation time is relatively shorter than 3D modeling. The simulation time of 2D and 3D modeling is around 20 
minutes and 220 minutes, respectively. However, 3D modeling of the shot peening process was recommended due to 
closer to the original component. 
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Fig. 9 - Comparison of residual stress distribution between 2D and 3D modeling. 
4. Conclusion 
The present study is used to analyze the residual stress after the shot peening process. The conclusions for this 
study are the residual stresses especially compressive residual stress is increased with increasing the velocity, shot 
angle, and ball diameter. However, the maximum compressive residual stresses between two and three-dimensional 
modeling are almost similar where the compressive residual stresses are the main purpose of the shot peening process. 
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